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Description

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a control system for internal
combustion engines, and more particularly to a control
system for an internal combustion engine having intake
valves and/or exhaust valves which are of an electro-
magnetically driven type. In particular the invention con-
cerns a control system for an internal combustion en-
gine having a plurality of cylinders each having a piston,
at least one intake valve, and at least one exhaust valve,
and a crankshaft, said control system including electro-
magnetic driving means for electromagnetically causing
opening and closing of at least one of said at least one
intake valve and said at least one exhaust valve, crank
angle-detecting means for generating a crank angle sig-
nal whenever said crankshaft rotates through a prede-
termined angle, cylinder position-detecting means for
generating a cylinder-discriminating signal indicative of
a predetermined crank angle of a particular cylinder of
said plurality of said cylinders, and piston operating
state-detecting means for detecting an operating state
of said piston of each of said plurality of said cylinders
based on said crank angle signal generated by said
crank angle-detecting means and said cylinder-discrim-
inating signal generated by said cylinder position-de-
tecting means, said control system including valve op-
eration control means for starting opening of said at
least one of said at least one intake valve and said at
least one exhaust valve based on said operating state
of said piston detected by said piston operating state-
detecting means.

A basic construction of an internal combustion en-
gine having intake valves and/or exhaust valves of an
electromagnetically driven type is disclosed by U.S. Pat-
ent No. 3,882,833, in which the intake valves and/or ex-
haust valves are driven by means of springs and sole-
noids. Further, a control system for an internal combus-
tion engine of this kind which employs the above basic
construction is conventionally known, for example, from
Japanese Laid-Open Patent Publication (Kokai) No.
2-112606, which is capable of changing the output tim-
ing of driving signals supplied to valve-driving solenoids
according to the rotational speed of the engine.

Still further, an electromagnetically driven valve for
use in the above basic construction has also been pro-
posed, for example, by U.S. Patent No. 5,222,714,
which has an electromagnetic driving mechanism im-
proved so as to reduce an electromagnetic force re-
quired for the solenoid to drive the valve used as an in-
take valve or exhaust valve.

The intake valves and exhaust valves of the elec-
tromagnetically driven type are not mechanically con-
nected to the crankshaft of the engine, and therefore, if
the engine has a plurality of cylinders, it is required to

10

15

20

25

30

35

40

45

50

55

determine a cylinder of which intake valves and exhaust
valves should be first started to be operated. However,
none of the above-mentioned conventional prior arts
contemplate this requirement, and therefore there is a
fear that the operation of the intake valves and exhaust
valves of each cylinder does not accurately correspond
to the position of the piston of the cylinder, e.g. the intake
valves can be opened during the exhaust stroke of the
cylinder.

Further, according to the control system known from
Japanese Laid-Open Patent Publication (Kokai) No.
2-112606, the energization-starting timing of a valve-
opening solenoid just coincides with the energization-
stopping timing of a valve-closing solenoid, and the en-
ergization-starting timing of the valve-closing solenoid
just coincides with the energization-stopping timing of
the valve-opening solenoid. As a result, the valve oper-
ation is unsatisfactory in promptness and reliability at
the start of opening or closing of the valve.

Still further, none of the above-mentioned prior art
contemplate compensation for a variation in the air-fuel
ratio of an air-fuel mixture actually drawn into each cyl-
inder of the engine to achieve accurate air-fuel ratio con-
trol.

WO 92/02712 discloses a valve control arrange-
ment for opening and closing the valves in an internal
combustion engine comprising an electrically powered
magnetic valve drive. A sensor is provided for monitor-
ing actual valve position. In addition, means are provid-
ed for monitoring the operating conditions of the engine
and for generating a desired valve position based upon
those operating conditions. The desired valve position
and the actual valve position are compared and the
valve drive is controlled such that the actual valve posi-
tion follows the desired valve position. The angular po-
sition of the crankshaft corresponding to the TDC posi-
tion of the piston in cylinder number one is detected by
a first transducer and the angular position of the crank-
shaft relative thereto is measured by a second transduc-
er, with signals representing those angular positions of
the crankshaft being used as timing pulses for the man-
agement system to synchronize the engine valve se-
quence.

SUMMARY OF THE INVENTION

It is the object of the invention to provide a control
system for an internal combustion engine having a plu-
rality of cylinders, which is capable of accurately con-
trolling the operating timing of electromagnetically driv-
en intake valves and/or exhaust valves of each cylinder
at the start of the engine.

These objects are achieved in that the piston oper-
ating state-detecting means comprises means for allot-
ting predetermined injection stages correspondingto re-
spective different operating strokes of the engine, re-
spectively, to the plurality of the cylinders and for setting
acrank pulse stage in predetermined relation to the pre-
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determined injection stages, in response to generation
of the crank angle signal immediately after first genera-
tion of the cylinder-discriminating signal at the start of
the engine, and means for detecting a position of the
piston of each of the plurality of the cylinders from the
predetermined injection stages and the crank pulse
stage.

The above and other objects, features and advan-
tages of the invention will become more apparent from
the following detailed description taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a longitudinal sectional view showing the
construction of an electromagnetically driven intake
valve which is controlled by a control system ac-
cording to an embodiment of the invention;

Fig. 2 is a schematic diagram showing the whole
arrangement of the control system according to the
embodiment;

Fig. 3 is a flowchart showing a routine for controlling
the engine operation during cranking of the engine;
Fig. 4 is a flowchart showing a routine for carrying
out cylinder discrimination during cranking of the
engine;

Figs. 5Ato 5D collectively form a timing chart which
is useful in explaining INJ stages and a CRK stage:
wherein

Fig. 5A shows the timing of generation of CRK
signal pulses;

Fig. 5B shows the timing of generation of CYL
signal pulses;

Fig. 5C shows the INJ stages for the cylinders;
and

Fig. 5D shows the CRK stage;

Fig. 6 is a flowchart showing a main routine for car-
rying out engine operation control;

Fig. 7 is a flowchart showing a routine for controlling
opening/closing operation of the intake valves and
exhaust valves;

Figs. BAto 8C collectively form a timing chart useful
in explaining the relationship between generation of
driving signals for one of the intake valves and ex-
haust valves and a valve lift thereof: wherein

Fig. BA shows a change in the valve lift;

Fig. 8B shows a change in voltage applied to a
valve-closing solenoid; and

Fig. 8C shows a change in voltage applied to a
valve-opening solenoid,;

Fig. 9A shows a table for determining overlap time
periods A and B according to the engine rotational
speed NE;

Fig. 9B shows a table for determining the overlap
time periods A and B according to the coil temper-
ature TCOIL;
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Fig. 9C shows a table for determining the overlap
time periods A and B according to the battery volt-
age VB;

Fig. 10 is a flowchart showing a routine for carrying
out intake/exhaust valve closing timing correction;
Fig. 11 is a flowchart showing a routine for carrying
out valve-opening/closing solenoid energization
control;

Fig. 12 is a flowchart showing a routine for control-
ling opening/closing operation of the intake valves
and exhaust valves, according to another embodi-
ment of the invention;

Fig. 13 is a flowchart showing a routine for carrying
out intake/exhaust valve opening/closing timing
correction according to the embodiment of Fig. 12;
Fig. 14 shows a table for determining a correction
amount of the valve opening/closing timing accord-
ing to the engine rotational speed NE; and

Fig. 15 is a flowchart showing a routine for deter-
mining abnormality of the intake/exhaust valve
opening/ closing timing.

DETAILED DESCRIPTION

The invention will now be described in detail with
reference to the drawings showing embodiments there-
of.

Referring first to Fig. 1, there is illustrated the con-
struction of an electromagnetically driven intake valve
10 employed in a control system according to an em-
bodiment of the invention. The intake valve 10 is com-
prised of a valve element 2 which has a valve stem 2a
with a magnetic element 4 as an armature secured ther-
eon, and a valve-driving section 1 for driving the valve
element 2. The intake valve 10 is mounted in a head of
a cylinder block of an internal combustion engine at a
location above a combustion chamber C in such a fash-
ion that the valve element 2 is slidably fitted through a
valve guide 3, for opening and closing an intake port 8
opening into the combustion chamber C. An exhaust
valve of the engine, not shown, has the same construc-
tion as above, and is mounted in the head of the cylinder
block of the engine at a location above the combustion
chamber C for opening and closing an exhaust port, not
shown, of the combustion chamber C.

The valve-driving section 1 is comprised of two so-
lenoids (electromagnets) which are opposed to each
otherin the longitudinal direction, i.e. a valve-closing so-
lenoid 5 for biasing the valve element 2 in a valve-clos-
ing direction and a valve-opening solenoid 6 for biasing
the valve element 2 in a valve-opening direction, and a
spring 7 interposed between the valve-closing solenoid
5 and the valve guide 3. The valve-closing solenoid 5 is
comprised of a coil 5a and a core member 5b, while the
valve-opening solenoid 6 is comprised of a coil 6a and
a core member 6b. The spring 7 is comprised of a first
coiled spring 7a interposed between the core member
5b and the armature 4, and a second coiled spring 7b
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interposed between the armature 4 and the valve guide
3, the first and second springs 7a, 7b being disposed
such that the biasing force of the spring 7 becomes zero
when the armature 4 is positioned in a balanced or neu-
tral position BP. The spring 7 acts to bias the valve ele-
ment 2 in the valve-opening direction when the armature
4 is positioned upward of the neutral position BP as
viewed in the figure, and it acts to bias the valve element
2 in the valve-closing direction when the armature 4 is
position downward of the neutral position BP.

With the above arrangement, by selectively ener-
gizing the valve-closing solenoid 5 or the valve-opening
solenoid 6 with driving current, the valve element 2
moves between a fully closed position in which the the
valve element 2 fully closes the intake port 8, and a fully
open position in which the lift of the valve element 2 is
the maximum. When neither the solenoid 5 nor the so-
lenoid 6 is energized, the valve element 2 is positioned
in the neutral position BP intermediate between the fully
closed position and the fully open position.

Fig. 2 schematically shows the whole arrangement
of the control system according to the embodiment, in-
corporating the above described intake valve 10. In the
figure, the valve-driving section 1 of the intake valve 10
is provided with a position sensor 11 for detecting the
position of the armature 4, and a temperature sensor 12
for detecting the temperature TCOIL of the valve-open-
ing solenoid 6, signals indicative of the respective de-
tected parameter values being supplied via an input/out-
put interface 13 to a CPU (central processing unit) 16
as well as to an energization time/timing control circuit
section 14. Further connected via the input/output inter-
face 13tothe CPU 16 are other sensors 21 for detecting
various parameters including the engine rotational
speed NE, the operating amount of an accelerator pedal
(hereinafter referred to as "the accelerator pedal posi-
tion") 8 ACC of a vehicle in which the engine is installed,
engine coolant temperature TW, intake temperature TA,
the air-fuel ratio A/F of an air-fuel mixture, battery volt-
age VB, crankshaft rotational angle, and on/off states of
an ignition switch of the engine, and supplying electric
signals indicative of the respective detected parameter
values to the CPU 16 and the energization time/timing
control circuit section 14. Also connected via a driver 23
to the input/output interface 13 is a starter 24 for starting
the engine.

In the present embodiment, the signals indicative of
the crankshaft rotational angle are represented by a sig-
nal pulse which is generated at a predetermined crank
angle of a particular cylinder of the engine whenever the
crankshaft rotates through 720 degrees (hereinafter re-
ferred to as "a CYL signal pulse"), and a signal pulse
which is generated at each of predetermined crank an-
gles whenever the crankshaft rotates through 30 de-
grees (hereinafter referred to as "a CRK signal pulse").

Also connectedtothe CPU 16 are a ROM 17 storing
operational programs which are executed by the CPU
16, etc., and a RAM 18 for storing data of results of cal-
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culations carried out by the CPU 16, detected parameter
data from the sensors, etc. Further, a timer counter 19
functioning as a timer is connected to the energization
time/timing control circuit section 14. The timer counter
19 is also connected to the CPU 16 to have its count
value set by the CPU 16.

The energization time/timing control circuit section
14 is connected to a driver circuit 15 which is comprised
of a valve-closing solenoid-driving circuit 15a connected
to the coil 5a of the valve-closing solenoid 5 and a valve-
opening solenoid-driving circuit 15b connected to the
coil 6a of the valve-opening solenoid 6. A battery 20 is
connected to the driver circuit 15 which is supplied with
electric power therefrom. The control circuit section 14
controls supply of electric current to the coils 5a and 6a
to energize or deenergize the same.

Further, components circuits other than the driver
circuit 15 including the CPU 16, ROM 17, input/output
interface 13, etc. are supplied with supply voltage from
the battery 20 via power circuits, not shown.

The engine to which is applied the present embod-
iment is a four-cylinder engine in which each cylinder is
provided with two intake valves and two exhaust valves,
and therefore totally 16 electromagnetically driven
valves are used. The energization time/timing control
circuit section 14, driver circuit 15, and timer counter 19
are provided for each of the 16 valves.

The CPU 16 determines the opening timing and
closing timing of each of the intake and exhaust valves
in response to input signals from the above various sen-
sors, to thereby set the timer counter 19 for each of the
intake and exhaust valves.

Further, a fuel injection valve, not shown, is provid-
ed for each cylinder in the intake pipe of the engine,
opening operation of which is controlled by the CPU 16.
The CPU 16 also carries out control for outputting and
delivering an ignition command signal to a spark plug of
each cylinder.

Immediately after the ignition switch is turned on,
electric current is not applied to the solenoids 5 and 6,
and accordingly the valve element of each of the intake
and exhaust valves is in the neutral position BP.

Fig. 3 shows a routine for controlling the engine op-
eration during cranking of the engine. When a power
source for the control system (ECU) of Fig. 2 is turned
on at a step S1, command signals are outputting for
closing allthe intake valves and exhaust valves at a step
S2, andthe CPU 16 is kept waiting until a predetermined
time period elapses after the outputting of the command
signals, at a step S3. After the predetermined time pe-
riod has elapsed, a signal for driving the starter 24 is
outputting at a step S4, and then a cylinder-discriminat-
ing routine and an engine control main routine, de-
scribed hereinafter, are executed at steps S5 and S6,
respectively.

Fig. 4 shows a routine for carrying out the cylinder
discrimination, which is executed at the step S5 in Fig. 3.

First, at a step S10, it is determined whether or not
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a cylinder discrimination completion flag FDET is set to
"0". The cylinder discrimination completion flag FDET
indicates that cylinder discrimination has been complet-
ed, when set to "1". If the answer is negative (NO), the
program is immediately terminated. On the other hand,
if the answer is affirmative (YES), it is determined at a
step S11 whether or not a cylinder discrimination flag
FCYL is set to "1". The flag FCYL indicates that a CYL
signal pulse (see Fig. 5B) has just been generated,
when set to "1". If FCYL = 0 holds, then at a step S14,
a fuel cut flag FFC which indicates that fuel supply
should be interrupted, when set to "1", and an ignition
cut flag FIGC which indicates that an ignition command
signal should be interrupted, when set to "1", are both
set to "1", and at the same time the cylinder discrimina-
tion completion flag FDET is set to "0", followed by ter-
minating the present routine.

If a CYL signal pulse has been generated, then
FCYL = 1 holds at the step S11, the program proceeds
to a step S11A, wherein the flag FDET is setto "1", and
then a step S12 is executed, wherein an INJ stage for
each cylinder and a CRK stage are set, i.e. initializations
of the INJ stages and the CRK stage are executed. The
INJ stages for the cylinders are initialized, as shown in
Fig. 5C, such that when a first CRK signal pulse has
been generated after generation of a first CYL signal
pulse, a #1 cylinder is set to a #15 stage, a #3 cylinder
to a #9 stage, a #4 cylinder to a #3 stage, and a #2 cyl-
inder to a #21 stage, respectively. Thereafter, each
stage is incremented by "1" whenever a CRK signal
pulse is generated (except that a #0 stage follows a #23
stage). With the injection stages thus set, stages #0 -
#5 correspond to a compression stroke, stages #6 - #11
o an explosion stroke, stages #12 - #17 to an exhaust
stroke, and stages #18 - #23 to a suction stroke, respec-
tively. If a CYL signal pulse is generated at a crank angle
position different from a position at which the above-
mentioned CYL signal pulse was generated, initializa-
tion of the stages can be different from the above-men-
tioned initialization.

Further, in the illustrated example, the CRK stage
is initially set to a #3 stage, and thereafter incremented
by "1" whenever a CRK signal pulse is generated (ex-
cept that a #0 stage follows a #5 stage).

Referring again to Fig. 4, at a step S13, the fuel cut
flag FFC and the ignition cut flag FIGC are both set to
"0", followed by terminating the present routine.

By executing the Fig. 4 program, the suitable INJ
stages and CRK stage corresponding to the piston po-
sition of each cylinder can be obtained, whereby the
opening/closing timing of each of the intake valves and
exhaust valves can be correctly controlled.

Fig. 6 shows a main routine for carrying out the en-
gine control main routine employed at the step S6 in Fig.
3, which is executed in synchronism with generation of
CRK signal pulses.

At a step S21, engine operating parameters such
as the accelerator pedal position 8 ACC and the engine
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rotational speed NE are detected, and then it is deter-
mined at a step S22 whether or not the present CRK
stage CRKSTG is a #0 stage. If CRKSTG = 0 holds, the
program is immediately terminated.

If CRKSTG = 0 holds, an intake/exhaust valve
opening/closing operation control routine is executed at
a step S23, and then a fuel injection control routine and
an ignition control routine are executed in conventional
manners at a step S24, followed by terminating the
present routine.

Fig. 7 shows details of the above-mentioned intake/
exhaust valve opening/closing operation control routine.
Fig. 8 shows changes in a valve lift of one of the intake/
exhaust valves, and changes in voltage applied to the
valve-opening solenoid 6 and the valve-closing solenoid
5. First, the outline of control of energization of the so-
lenoids will be described with reference to Fig. 8.

According to the present embodiment, the valve-
opening operation of each of the intake valves and ex-
haust valves is controlled such that energization of the
valve-opening solenoid 6 is started at a time point 0
OPENON which is earlier by a first overlap time interval
Athan a time point 8 CLOSEOFF at which energization
of the valve-closing solenoid 5 is stopped. Thus, the
valve element 2 starts opening, and then energization
of the valve-closing solenoid 5 is stopped, whereby the
valve element 2 promptly and positively moves into the
fully open position. The valve-closing operation is car-
ried out such that energization of the valve-closing so-
lenoid 5 is started at a time point 8 CLOSEON which is
earlier by a second overlap time period B than a time
point 8 OPENOFF at which energization of the valve-
opening solenoid 6 is stopped. Thus, the valve element
2 starts closing, and then energization of the valve-
opening solenoid 6 is stopped, whereby the valve ele-
ment promptly and positively moves into the fully closed
position.

Next, a manner of calculating the starting/stopping
timing of energization of the solenoids will be described
in detail with reference to Fig. 7.

First, at a step S30, the cylinders are set to the ex-
haust stroke, suction stroke, compression stroke, and
explosion stroke, respectively, based on the INJ stages
set for the cylinders, respectively. Then, at steps S31 to
834, calculations are made of the energization-stopping
timing and energization-starting timing of the valve-clos-
ing solenoid 5 and the valve-opening solenoid 6 of the
cylinders which have been set to the exhaust stroke and
the suction stroke at the step S30. More specifically, at
the step S31, the energization-stopping time point
OCLOSEOFF for the valve-closing solenoid 5 is calcu-
lated by retrieving a map, not shown, which is set ac-
cording to the accelerator pedal position 6 ACC and the
engine rotational speed NE. Then, at the step S32 the
energization-starting time point 8 OPENON for the
valve-opening solenoid 6 is calculated by the use of the
following equation (1):
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6 OPENON = 6 CLOSEOFF - A (1)

where the first overlap time period A is determined ac-
cording to the engine rotational speed NE, the coil tem-
perature TCOIL, and the battery voltage VB, as shown
in Figs. 9A to 9C, respectively. More specifically, the A
value is determined by retrieving a map, not shown,
which is set according to the NE value and the TCOIL
value, and further by correcting the A value read from
the map, based on the battery voltage VB.

At the step S33, similarly to the step S31, the ener-
gization-stopping time point 8 CLOSEOFF for the valve-
opening solenoid 6 is calculated by retrievinga map, not
shown, which is set according to the accelerator pedal
position 8 ACC and the engine rotational speed NE.
Then, at the step S34 the energization starting-time
point 8 CLOSEON for the valve-closing solenoid 5 is cal-
culated by the use of the following equation (2):

6 CLOSEON = 6 OPENOFF - B (2)

where the second overlap time period B is determined
according to the engine rotational speed NE, the coil
temperature TCOIL, and the battery voltage VB, as
shown in Figs. 9A to 9C, respectively, similarly to the
first overlap tie period A. The voltage to be supplied to
the solenoid-driving circuit 15 may be stabilized battery
voltage. In such a case, correction of the energization
starting-time point 8 CLOSEON by the B value may be
omitted.

Next, an intake/exhaust valve closing timing-cor-
recting routine is executed at a step S35, and then a
valve-opening/closing solenoid energization routine is
executed at a step S36, followed by terminating the
present routine.

By determining the energization-stoppingtiming ac-
cording to the accelerator pedal position 8 ACC, the en-
gine rotational speed NE, the coil temperature TCOIL,
and the battery voltage VB in the above described man-
ner, the valve can be opened or closed exactly at open-
ing or closing timing demanded by the driver.

Fig. 10 shows details of the intake/exhaust valve
closing timing-correcting routine. First, at a step S41, a
value of actual air-fuel ratio AFACT detected by a linear-
output oxygen concentration sensor arranged in the ex-
haust system of the engine is read in, and then, at a step
S42, a value of desired air-fuel ratio AFCMD is calculat-
ed based on engine operating conditions, basically
based on the accelerator pedal position 8 ACC and the
engine rotational speed NE. Then, at a step S43, a dif-
ference DAF between the value of actual air-fuel ratio
AFACT and the value of desired air-fuel ratio AFCMD is
calculated, and it is determined at a step S44 whether
or not the value of actual air-fuel ratio AFACT is larger
or leaner than the value of desired air-fuel ratio AFCMD.

If the answer is affirmative (YES), the energization-
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starting time point 8 CLOSEON for the valve-closing so-
lenoid 5 and the energization-stopping time point 0
OPENOFF for the valve-opening solenoid 6 are correct-
ed in an advanced direction at steps S45 and 46, re-
spectively, followed by terminating the present routine.
On the other hand, if the answer is negative (NO), i.e. if
the value of the actual air-fuel ratio AFACT is smaller or
richerthan the value of the desired air-fuel ratio AFCMD,
the energization-starting time point 8 CLOSEON for the
valve-closing solenoid 5 and the energization-stopping
time point 6 OPENOFF for the valve-opening solenoid
6 are corrected in a retarded direction at steps S47 and
48, respectively, followed by terminating the present
routine.

By thus correcting the energization-starting time
point 8 CLOSEON for the valve-closing solenoid 5 and
the energization stopping time point 8 OPENOFF for the
valve-opening solenoid 6 in the advanced direction, the
valve opening period is decreased and hence the
amount of intake air decreases, to thereby correct the
air-fuel ratio in an enriching direction. On the other hand,
by thus correcting the energization-starting time point 6
CLOSEON for the valve-closing solenoid 5 and the en-
ergization-stopping time point 6 OPENOFF for the
valve-opening solenoid 6 in the retarded direction, the
air-fuel ratio can be corrected in a leaning direction.
Thus, the air-fuel ratio can be corrected according to
changes in operating conditions of the engine occurring
after completion of the calculation of the fuel injection
amount, to thereby achieve engine operation based on
an optimal air-fuel ratio.

The valve opening period can be corrected by cor-
recting both the energization-stopping time point 6 CLO-
SEOFF of the valve-closing solenoid 5 and the ener-
gization-starting time point 8 OPENON of the valve-
opening solenoid 6, which, however, requires a compli-
cated calculation. Therefore, it is desirable that the clos-
ing time points of the intake valves and exhaust valves
should be controlled as described above.

Fig. 11 shows details of the valve-opening/closing
solenoid energization routine executed at the step S36
in Fig. 7. The present routine carries out actual ener-
gization of the valve opening/closing solenoids 5, 6
based on the above calculated solenoid energization-
starting/stopping time points. The intake valves and the
exhaust valves to be opened by this routine are those
of a cylinder during the suction stroke and those of a
cylinder during the exhaust stroke, respectively.

First, it is determined at a step S51 whether or not
the energization-starting time point 8 OPENON for the
valve-opening solenoid 6 has been reached. If the an-
swer is affirmative (YES), energization of the valve-
opening solenoid 6 is started at a step S52. Then, it is
determined at a step S53 whether or not the energiza-
tion-stopping time point 8 CLOSEOFF for the valve-
closing solenoid 5 has been reached. If the answer is
affirmative (YES), energization of the valve-closing so-
lenoid 5 is stopped at a step S54. Then, it is determined
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at a step S55 whether or not the energization-starting
time point 8 CLOSEON for the valve-closing solenoid 5
has been reached. If the answer is affirmative (YES),
energization of the valve-closing solenoid 5 is started at
a step S56. Next, it is determined at a step S57 whether
or not the energization-stopping time point 86 OPENOFF
for the valve-opening solenoid 6 has been reached. If
the answer is affirmative (YES), energization of the
valve-opening solenoid 6 is stopped at a step S58.

If neither the energization-starting time point nor the
energization-stopping time point has been reached, the
program is immediately terminated.

Next, description will be made of another embodi-
ment of the control system. Steps corresponding to
those in the first embodiment are designated by identical
numerals, description thereof being omitted.

Fig. 12 shows details of the intake/exhaust valve
operation control routine executed at the step S23 in Fig.
6, according to the present embodiment. The routine is
identical with the routine of Fig. 7, except for steps S35A,
837, and S38, and therefore only these steps will be de-
scribed hereinbelow. Further, the relationship between
the valve lift of each of the intake/exhaust valves and
the voltage applied to the valve-opening solenoid 6 and
the valve-closing solenoid 5 is identical with the relation-
ship shown in Fig. 8 in the first embodiment, and de-
scription thereof is therefore omitted.

At a step S37 in Fig. 12, it is determined whether or
not an abnormality determination flag FEVAFS(N) is set
to "1". The abnormality determination flag FEVAFS(N)
indicates that the valve opening and/or closing time
point of the intake valve or exhaust valve is abnormal,
when set to "1". The flag FEVAFS(N) is provided for
each cylinder and set by an abnormality-determining
routine of Fig. 15, described hereinafter. A symbol (N)
in the flag FEVAFS(N) indicates the number of acylinder
to which the flag is allotted.

If FEVAFS(N) = 1 holds at the step S37, which in-
dicates that the opening and/or closing time point of the
intake valve or exhaust valve of the #N cylinder is ab-
normal, valve-closing command signals are output and
delivered to the intake valves and exhaust valves of the
#N cylinder at a step S381to forcibly close them, followed
by terminatingthe present routine. Atthe same time, fuel
supply to the #N cylinder is forcibly interrupted.

If the answer to the question of the step S37 is neg-
ative (NO), i.e. if FEVAFS(N) = 0 holds, the program pro-
ceeds to the step S31 et seq., wherein calculation of the
energization-starting/stopping time points of the intake
valves and exhaust valves is carried out.

After the energization-starting time point 8 CLO-
SEON of the valve-closing solenoid 5 is calculated at
the step S34, the program proceeds to a step S35A
wherein an intake/exhaust valve opening/closing tim-
ing-correcting routine is executed, and then an valve-
opening/closing solenoid energization routine identical
with the step S36 in the first embodiment is executed at
a step S36, followed by terminating the present routine.
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In this connection, in the first embodiment the first
overlap time period A calculated at the step S32 and the
second overlap time period B calculated at the step S34
are calculated by correcting map values determined by
the engine rotational speed NE and the coil temperature
TCOIL, based on the battery voltage VB. In the present
embodiment, however, determined map values of the A
and B values may not be corrected based on the battery
voltage.

Fig. 13 shows details of the intake/exhaust valve
opening/closing timing-correcting routine executed at
the step S35A in Fig. 12. First, at a step S111, the coil
temperature TCOIL and the battery voltage VB are read
in, and then at a step S112, the energization-starting/
stopping time points for the valve-closing solenoid 5 and
the valve-opening solenoid 6 are corrected according to
the read coil temperature TCOIL and the read battery
voltage VB. More specifically, the energization-starting/
stopping time points are corrected in the advanced di-
rection as the coil temperature TCOIL is higher, as
shown in Fig. 14A, and as the battery voltage VB is low-
er, as shown in Fig. 14B.

The valve-opening/closing solenoid energization
routine executed at the step S36 in Fig. 12 is identical
with the routine of Fig. 11, and description thereof is
therefore omitted.

Fig. 15 shows a routine for determining whether or
not the intake/exhaust valve-opening/closing timing is
abnormal.

First, at a step S131, a valve opening limit value 6
LMTOPEN and a valve closing limit value 6 LMTCLOSE
are determined by retrieving respective maps, not
shown, which are set according to the accelerator pedal
position 8 ACC and the engine rotational speed NE.
Then, at a step S132, an actual valve opening-starting
time point 8 ACTOPEN and an actual valve closing-
starting time point 8 ACTCLOSE of the valve element 2
are detected based on an output from the position sen-
sor 11 (see Fig. 4A). At the following step S133, limit-
checking of the detected time points 8 ACTOPEN and
6 ACTCLOSE is executed.

More specifically, the valve opening-starting time
point 8 ACTOPEN and the valve closing-starting time
point 8 ACTCLOSE are compared with the valve open-
ing limit value 8 LMTOPEN and the valve closing limit
value 8 LMTCLOSE, respectively, and if the 6 ACTO-
PEN value is on a side advanced relative to the 6 LM-
TOPEN value, or if the 8 ACTCLOSE value is on a side
retarded relative to the 6 LMTCLOSE value, it is deter-
mined that the 8 ACTOPEN value or 8 ACTCLOSE val-
ue of the valve element 2 does not pass the limit-check-
ing.

If the 8 ACTOPEN and 6 ACTCLOSE values pass
the limit-checking, the program is immediately terminat-
ed, whereas if either the 6 ACTOPEN value or the 6
ACTCLOSE value does not pass the limit-checking, the
abnormality determination flag FEVAFS(N) is set to "1"
at a step S134, followed by terminating the present rou-
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tine.

According to the present routine, deviation in the in-
take/exhaust valve opening/closing timing due to aging
or failure of the intake valve(s) or exhaust valve(s) or
driving system(s) thereof can be accurately detected.

Further, according to the present embodiment, if it
is determined that the intake/exhaust valve opening/
closing timing is abnormal, the intake valves and ex-
haust valves of the corresponding cylinder are all forci-
bly closed and fuel supply to the cylinder is forcibly in-
terrupted. As a result, the intake valves and exhaust
valves can be prevented from colliding with the piston
of the cylinder, etc., and hence damage or breakdown
of the valves can be prevented. Further, unburnt gases
can be prevented from being emitted from the cylinder
into the atmosphere, to thereby restrain degradation of
exhaust emission characteristics of the engine.

Although in the present embodiment, when FE-
VAFS(N) = 1 holds at the step S37 in Fig. 12, the intake
valves and exhaust valves of the corresponding cylinder
alone are forcibly closed and fuel supply to the cylinder
is forcibly interrupted, this is not limitative. Alternatively,
when FEVAFS(N) = 1 holds at any of the cylinders or at
a predetermined number of cylinders (e.g. 2), the intake
valves and exhaust valves of all the cylinders may be
forcibly closed and fuel supply to all the cylinders forcibly
interrupted.

Claims

1. A control system for an internal combustion engine
having a plurality of cylinders each having a piston,
at least one intake valve (2), and at least one ex-
haust valve (2), and a crankshaft, said control sys-
tem including electromagnetic driving means (5) for
electromagnetically causing opening and closing of
at least one of said at least one intake valve (2) and
said at least one exhaust valve (2), crank angle-de-
tecting means for generating a crank angle signal
whenever said crankshaft rotates through a prede-
termined angle, cylinder position-detecting means
for generating a cylinder-discriminating signal indic-
ative of a predetermined crank angle of a particular
cylinder of said plurality of said cylinders, and piston
operating state-detecting means for detecting an
operating state of said piston of each of said plural-
ity of said cylinders based on said crank angle sig-
nal generated by said crank angle-detecting means
and said cylinder-discriminating signal generated
by said cylinder position-detecting means, said con-
trol system including valve operation control means
for starting opening of said at least one of said at
least one intake valve (2) and said at least one ex-
haust valve (2) based on said operating state of said
piston detected by said piston operating state-de-
tecting means,
characterized in that,
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said piston operating state-detecting means com-
prises means for allotting different predetermined
injection stages corresponding to respective differ-
ent operating strokes of said engine, respectively,
to said plurality of said cylinders and for setting a
crank pulse stage in predetermined relation to said
predetermined injection stages, in response to gen-
eration of said crank angle signal immediately after
first generation of said cylinder-discriminating sig-
nal at the start of said engine, said stages being
thereafterincremented by "1" whenever a crank sig-
nal pulse is generated, and means for detecting a
position of said piston of each of said plurality of said
cylinders from said predetermined injection stages
and said crank pulse stage.

Patentanspriiche

1. Steuersystem flr einen Verbrennungsmotor mit ei-
ner Mehrzahl von Zylindern, von welchen jeder ei-
nen Kolben, mindestens ein EinlaBventil (2) und
mindestens ein AuslaBventil (2) aufweist, und einer
Kurbelwelle, wobei das Steuersystem eine elektro-
magnetische Antriebseinrichtung (5), um elektro-
magnetisch ein Offnen und SchlieBen von minde-
stens einem des mindestens einen EinlaBventils (2)
und des mindestens einen AuslaBventils (2) zu be-
wirken, eine Kurbelwinkel-Detektiereinrichtung
zum Erzeugen eines Kurbelwinkelsignals, jedes-
mal, wenn die Kurbelwelle sich um einen vorbe-
stimmten Winkel dreht, eine Zylinderposition-De-
tektiereinrichtung zum Erzeugen eines Zylinder-
Diskriminiersignals, welches einen vorbestimmten
Kurbelwinkel eines bestimmten Zylinders der ge-
nannten Mehrzahl von Zylindern anzeigt, und eine
Kolben-Betriebszustand-Detektiereinrichtung zum
Detektieren eines Betriebszustands des Kolbens
jeder der genannten Mehrzahl von Zylindern auf der
Basis des von der Kurbelwinkel-Detektiereinrich-
tung erzeugten Kurbelwinkelsignals und des von
der Zylinderposition-Detektiereinrichtung erzeug-
ten Zylinder-Diskriminiersignals beinhaltet, wobei
das Steuersystem eine Ventilbetriebs-Steuerein-
richtung aufweist, um ein Offnen von mindestens ei-
nem des genannten mindestens einen EinlaBven-
tils (2) und des genannten mindestens einen Aus-
laBventils (2) auf der Basis des von der Kolbenbe-
triebszustand-Detektiereinrichtung detektierten
Betriebszustands des Kolbens zu beginnen,
dadurch gekennzeichnet, daB die Kolbenbetriebs-
zustand-Detektiereinrichtung aufweist: eine Ein-
richtung zum Zuordnen von unterschiedlichen vor-
bestimmten Einspritzstufen, die jeweils entspre-
chenden jeweiligen unterschiedlichen Betriebstak-
ten des Motors entsprechen, zu der genannten
Mehrzahl von Zylindern, und zum Setzen einer Kur-
belimpulsstufe in einer vorbestimmten Relation zu



15 EP 0 724 067 B1 16

den vorbestimmten Einspritzstufen in Reaktion auf
die Erzeugung des Kurbelwinkelsignals direkt nach
der ersten Erzeugung des Zylinder-Diskriminiersi-
gnals beim Starten des Motors, wobei die genann-
ten Stufen danach jedes mal, wenn ein Kurbelsi-
gnalimpuls erzeugt wird, um "1" inkrementiert wer-
den, und eine Einrichtung zum Detektieren einer
Position des Kolbens jedes der genannten Mehr-
zahl der Zylinder aus den vorbestimmten Einspritz-
stufen und der Kurbelimpulsstufe.

Revendications

Dispositif de commande pour un moteur & combus-
tion interne équipé d'une pluralité de cylindres cha-
cun ayant un piston, au moins une soupape d'ad-
mission (2), et au moins une soupape d'échappe-
ment (2), et un vilebrequin, ledit dispositif de com-
mande incluant des moyens d'entrainement élec-
tromagnétiques (5) pour provoquer de fagon élec-
tromagnétique l'ouverture et la fermeture d'au
moins I'une desdites au moins une soupape d'ad-
mission (2) et desdites au moins une soupape
d'échappement (2), des moyens de détection d'an-
gle de vilebrequin pour générer un signal d'angle
de vilebrequin chaque fois que ledit vilebrequin
tourne d'un angle prédéterminé, des moyens de dé-
tection de position de cylindre pour générer un si-
gnal de distinction de cylindre indiquant un angle de
vilebrequin prédéterminé d'un cylindre particulier
de ladite pluralité desdits cylindres, et des moyens
de détection d'état de fonctionnement de piston
pour détecter un état de fonctionnement dudit pis-
ton de chacun de ladite pluralité desdits cylindres
sur la base dudit signal d'angle de vilebrequin gé-
néré par lesdits moyens de détection d'angle de vi-
lebrequin et dudit signal de distinction de cylindre
généré par lesdits moyens de détection de position
de cylindre, ledit dispositif de commande incluant
des moyens de commande de fonctionnement de
soupape pour démarrer l'ouverture de ladite au
moins une de ladite au moins une soupape d'ad-
mission (2) et de ladite au moins une soupape
d'échappement (2) sur la base dudit état de fonc-
tionnement dudit piston détecté par lesdits moyens
de détection d'état de fonctionnement,

caractérisé en ce que lesdits moyens de dé-
tection d'état de fonctionnement de piston com-
prennent des moyens pour allouer différentes pha-
ses d'injection prédéterminées correspondant aux
différentes courses de fonctionnement respectives
dudit moteur, respectivement, a ladite pluralité des-
dits cylindres et pour définir une phase d'impulsion
de vilebrequin dans une relation prédéterminée
avec lesdites phases d'injection prédéterminées,
en réponse a la génération dudit signal d'angle de
vilebrequin immédiatement aprés une premiére gé-
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nération dudit signal de distinction de cylindre au
démarrage dudit moteur, lesdites phases étant en-
suite incrémentées par "1" chaque fois qu'une im-
pulsion de signal de vilebrequin est générée, et des
moyens pour détecter une position dudit piston de
chacun de ladite pluralité desdits cylindres a partir
desdites phases d'injection prédéterminées et de
ladite phase d'impulsion de vilebrequin.
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